METHOD FOR FORMING LAMINATE NONWOVEN FABRIC 
Field of the Invention 

The present invention relates to nonwoven fabrics, and to methods for 
fabric fabricating nonwoven fabrics. In particular, the present invention relates 
to a method for forming laminate nonwoven that is flushable and biodegradable. 
Background of the Invention 

Wipes and other industrial and sanitary nonwoven fabrics are known. 
These fabrics may be used for wiping liquids or moist solids. Often, it is 
desirable for one side of the fabric to remain substantially dry when the other is 
exposed to the liquid or moist solid. To accomplish this, a substantially 
impermeable fabric layer may be used, or multiple layers of permeable layer 
may be bound together with adhesive. These wipes may comprise normal 
tissue, wet laid tissue, and spunlace fabrics. These fabrics may be used in 
various combinations in a laminate with an adhesive binder. 

These types of wipes, however, are disadvantageous in that they are not 
flushable. The fabric qualities that render them substantially impermeable to a 
liquid penetration also render them as disadvantageously non-degradable in the 
sewer system. For commercial success, flushable wipes generally must have 
four properties: 1) be stable during use with liquids/moist solids, 2) must lose 
integrity in the sewer system under normal shear forces, 3) be biodegradable, 
and 4) have a soft surface feel. 

U.S. Patent No. 5,935,880 to Wang, et al., discloses a wipe that satisfies 
the previously mentioned four properties, however, a binder is incorporated on 
at least one side of the wipe and the wipe is exposed to full face hydraulic 
needling. The application of a binder, which in the Wang patent is a 
composition of three different ingredients, adds to cost complexity and 
production time, while utilizing a full face hydraulic entanglement process 
consumes more energy due to the increased number of water jets needed to 
uniformly entangle the full width of the fabric. These two factors make for a 
wipe that is neither cost effective nor energy efficient. 


There is thus a heretofore unresolved need in industry for a method for 
making a nonwoven fabric that is flushable and biodegradable, cost effective, 
and energy efficient. 
Summary of the Invention 

In a first embodiment of the method for making a laminate nonwoven 
fabric of the invention, the method comprises the steps of: providing a first 
nonwoven layer on a moving support; providing a second nonwoven layer 
overlying the first layer on the moving support; and pattern hydroentangling the 
first and second layers to one another to form a laminate nonwoven fabric. The 
step of pattern hydroentangling the first and second layers comprises providing a 
first manifold with a plurality of jet cluster therein, each of the jet cluster having 
a plurality of individual jet orifices therein, with the jet orifices each separated 
from one another by at least a first distance. The jet clusters are separated from 
one another by a second distance that is greater than the first distance. 
Preferably, the second distance is at least twice the first distance, and more 
preferably at least 10 times the first distance. The first embodiment of the 
method of the invention further comprises the step of conveying the second 
layer overlying the first layer on the moving support under the manifold in a 
machine direction while directing streams of water through each of the 
individual jet orifices onto the underlying nonwoven layers, with the layers 
thereby entangled with one another. 

Because the jet orifices are organized into separated and distinct jet 
clusters, the resulting entanglement pattern is not "uniform" across the cross 
direction of the laminate, but is instead along substantially linear lines in the 
machine direction. The resulting laminate is characterized by strongly bundled 
areas, with weakly unbundled areas therebetween. These weak unbundled areas 
are engineered to allow the laminate to lose its integrity under the shear forces in 
the sewage systems. 

A second embodiment of the method for making a laminate nonwoven 
fabric of the invention comprises the steps of: providing a first nonwoven layer 
on a moving support; providing a second nonwoven layer overlying the first 


layer on the moving support; and pattern hydroentangling the first and second 
layers to one another to form a laminate nonwoven fabric. The step of pattern 
hydroentangling the first and second layers comprises providing a first manifold 
with a plurality of jet orifices therein separated form one another by a distance, 
5 and conveying the second layer overlying the first layer on the moving support 

under the manifold in a machine direction while moving the manifold in a 
direction coincident with the machine direction. Streams of water form each of 
the individual jet orifices will be directed onto the first and second layers to 
thereby laminate them to one another, with the areas of lamination not linear in 
10 the machine direction due to movement of the manifold. Preferably, the 

manifold is oscillated in a substantially cross direction to create a "wavy" 
P entanglement pattern in the laminate. 

in In an additional embodiment of the method of the invention, at least a 
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second manifold is provided also having a plurality of water jet orifices therein. 
CI1 15 As the overlaid first and second nonwoven layers are conveyed beneath the 

f!j moving first manifold and the second manifold, the layers are hydro entangled 

y f with a substantially linear pattern by the stationary second manifold and a non- 

linear pattern by the moving first manifold. In a further embodiment of the 
y|j method of the invention, the second manifold is also moved in a direction 

20 coincident with the machine direction to thereby enhance the non-linear 

entanglement pattern. Preferably, the first and second manifolds are oscillated 
in substantially opposite direction to create a zig-zagged entanglement pattern. 

It will be appreciated that altering the number and movement of the 
manifolds used to hydroentangle the nonwoven layers within the scope of the 
25 invention can result in an almost limitless variation of entanglement patterns. 

Preferably, the first manifold has a plurality of jet clusters therein, with 
each of the jet clusters having a plurality of individual jet orifices; each of the jet 
orifices within each of the jet clusters separated from one another by a first 
distance, and with each of the jet clusters separated from one another by a 
30 second distance that is greater than the first distanced. Preferably, the second 

distance that separated jet cluster is at least twice the first distance that separates 
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individual jet orifices within each cluster. More preferably, the second distance 
is at least 10 times the first distance. Also, the second manifold preferably has 
its individual jet orifices arranged into jet clusters. 

In still an additional embodiment of the method of the invention, three 
5 layers and laminated to one another, with the first and third preferably 

comprising thin veneer layers, and the second and center layer comprising a 
tissue or pulp layer. 

It has been discovered that through the method of the invention, a 
laminate nonwoven fabric may be made that solves the above discussed 
1 0 heretofore unresolved problems in the art. In particular, the novel method of 

partem hydroentangling using manifolds with spaced clusters of jets results in a 
laminate fabric that holds together sufficiently for use, both that is otherwise not 
so tightly bound so as to be degradable under the normal sheer pressures present 
in the sewer system. 

SI 1 5 The above brief description sets forth rather broadly the more important 

m 

fy features of the present disclosure so that the detailed description that follows 

may be better understood, and so the present contributions to the art may be 
better appreciated. There are, of course, additional features of the disclosure 
that will be described hereinafter which will form the subject matter of the 
20 claims appended hereto. In this respect, before explaining the several 

embodiments of the disclosure in detail, it is to be understood that the disclosure 
is not limited in its application to the details of the construction and the 
arrangements set forth in the following description or illustrated in the drawings. 
The present invention is capable of other embodiment and of being practiced 
25 and carried out in various ways, as will be appreciated by those skilled in the art. 

Also, it is to be understood that the phraseology and terminology employed 
herein are for description and not limitation. 
Brief Description of the Figures 

Fig. 1 is a perspective of an apparatus practicing an embodiment of the 
30 method of the invention. 

Fig. 2 is a bottom perspective view of the manifold of Fig. 1 . 
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Fig. 3 is a bottom plan view of the manifold of Figs. 1 and 2. 
Fig. 4 is a perspective of an apparatus practicing an additional 
embodiment of the method of the invention. 

Fig. 5 is a perspective of an apparatus practicing still another 
5 embodiment of the method of the invention. 

Fig. 6 is a plan view of an entanglement pattern resulting from practice of 
an embodiment of the method of the invention. 

Fig. 7 is a plan view of an entanglement pattern resulting from practice of 
an embodiment of the method of the invention. 
10 Fig. 8 is a plan view of an entanglement pattern resulting from practice of 

an embodiment of the method of the invention. 
Q Detailed Description 

y| Turning now to the drawings, Figure 1 illustrates an apparatus 10 

practicing an embodiment of the method of the invention. First hydroentangled 
51 15 nonwoven layer 20 is provided on moving support 22. Moving support 22 is 

:>=!' 

y illustrated generally as a rotating conveyor in Fig. 1 . Moving support 22 is 

preferably porous to allow water to drain through it, and as will be appreciated 
H= by those knowledgeable in the art may take many different forms than conveyor 

s'al 

yj belt 22 as illustrated. By way of example only and not limitation, a rotating 

20 porous sleeve having a three dimensional raised surface may be used. 


i 


A second nonwoven layer 24 is overlaid on top of first layer 20, and a 
third nonwoven layer 26 overlaid on top of second layer 24. Support 22 with 
the three layers thereon is then conveyed under manifold 28. Manifold 28 is fed 
with water via a water line (not illustrated), which may be pressurized as 

25 desired. A perspective view looking upwards at the bottom side 30 of manifold 

28 is shown in Fig. 2. Manifold 28 has a plurality of jet clusters 32, with each 
individual jet cluster 32 having a plurality of individual jet orifices 34, as is best 
shown in the expanded plan view of Fig. 3 of manifold bottom side 30. Water is 
directed from each individual orifice 34 onto the layers 20, 24, and 26 as they 

30 are passed below to entangle fibers from each of the individual layers to fibers 

from others of the layers and thereby form a laminate nonwoven fabric. 
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As shown in Fig. 3, each individual jet orifice 34 within a jet cluster is 

separated from one another by a distance of D,. It will be appreciated that D, 

need not be a constant; individual jet orifices 34 may be separated from one 

another by differing distances D,. It will further be appreciated that Fig. 3 is not 

5 drawn to scale. Each jet cluster 32 is separated from one another by a second 

distance D 2 . Again, it will be appreciated that D 2 need not be constant; jet 

clusters 32 may be separated from one another by differing distances D 2 . D 2 is 

J ' greater than D,. That is, the lowest value for D 2 is greater than the teg^vatue 

for D,. Preferably, D 2 is at least twice D,. More preferably, D 2 is at least 10 

10 times D,. 

When nonwoven layers 20, 24, and 26 are conveyed on support 22 under 

manifold 28 as illustrated in Fig. 1 in the direction of the arrow labeled 

"Machine Direction", the discrete grouping of jet clusters 32 impinge streams of 

water onto the layers 20, 24, and 26 to thereby entangle them with one another 

15 4 to form a laminate nonwovne fabric. Because jet clusters 32 -and separated from 

/\ 

one another and grouped, the resulting laminate fabric is said to have a "pattern 
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entanglement". That is, entanglement occurs substantially along lines 50 as 
illustrated where the laminate is strongly bundled, and with regions 52 between 
lines 50 remaining much more lightly bundled or even substantially 
20 unentangled. It will be appreciated that lines 50 are shown as single lines for 

illustration purposes only; the area of entanglement along these lines 50 may 
actually be spread in an area that corresponds generally to the area of jet cluster 
32. 

It has been discovered that the method of the invention is of particular 
25 utility in making novel flushable wipes. For this utility, unentangled regions 52 

between lines of entanglement 50 result in a laminate fabric that has a wet 
strength sufficient to remain intact during use, but that is low enough so that the 
fabric will lose its integrity and be disentangled under normal shear stresses 
present in the sewer system so as to be flushable. When using the method of the 
30 invention to produce such a flushable wipe, it is preferred to use a lightly 

entangled veneer layer as first layer 20 and third layer 26, with pulp or tissue 
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layer 24 in between. Such construction advantageously provides for soft surface 
feel, with a substantially fluid impermeable center layer. 

In one preferred embodiment of the method of the invention for making a 
flushable wipe, first and third layers comprise hydroentangled nonwoven layers 
5 of viscose rayon fibers. Preferred fiber lengths are from 25-40 mm. A blend of 

a small amount of synthetic fiber may also be used. Preferred weight ranges for 
the first and third nonwoven layers are between 10 and 35 gm/m 2 . More 
preferred weight ranges are between 1 8 and 24 gm/m 2 . For this preferred 
embodiment of the method for producing a flushable wipe, the second layer 
10 comprises tissue of pulp, with a weight basis of between about 20 and 80 gm/m 2 . 

A more preferred weight range is between 40 and 50 gm/m 2 . 
P In this first preferred embodiment of the method of the invention for 

y j making a flushable wipe, the preferred first and third veneer nonwoven layers 

* "j are preferably lightly entangled with low spunlace energy entanglement. As 

61 15 used herein, "low spunlace energy" entanglement is intended to refer to a 

flj process of hydroentanglement that will result in a fabric having a low enough 

^i, tear strength so that it will lose its integrity under normal shear stresses present 

!!/;. in the sewer system. This energy will of course depend on the basis weight of 

yl5 the fabric, as well as the geometry of the support underlying the fabric. The 

Q 

u ? 20 structure of the veneer fabrics can of course be varied by fiber selection and 

selection of underlying support surface. Fine to close support structure is 
preferred for low weight fabric. 

For purposes of example, a veneer fabric was prepared using low 
spunlace energy on a micro porous forming sleeve. The fabric was prepared by 

25 hydroentangling viscose rayon fibers having a basis weight of 20.5 gm/m 2 under 

four jet stations, each station delivering water of 10 bars, and with a line speed 
of 20 m/min. This veneer was then used as the first and third layers to form a 
laminate using the method of the invention. Two different wipes were made, 
one with a center pulp layer of 27.5 gm/m 2 , and the second with a center pulp 

30 layer of 55 gm/m 2 . These two wipes therefore had a total wipe fabric basis 

weight for the first wipe of 68.5 gm/m 2 (20.5 + 55 + 20.5), and for the second of 
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96 gm/m 2 (20.5 + 55 + 20.5). Each of these two wipes were pattern laminated to 
form a laminate wipe using two manifolds generally as illustrated in Figs. 1 -3 
with a line speed of 10 m/min using water under 5 bar pressure. 

Fig. 4 illustrates an additional embodiment of the invention being 
practiced. First nonwoven layer 120 is deposited on moving support 122, with 
second nonwoven layer 124 deposited on top of first layer 120, and third 
nonwoven layer 126 deposited on top of layer 124. The layers 120, 124, and 
126 are then conveyed on support 122 under manifold 128. Manifold 128 is 
substantially identical to manifold 28 of Figs. 1-3, with a plurality of jet clusters 
each containing a plurality of individual jet orifices therein. As layers 120, 124, 
and 126 are conveyed under manifold 128, streams of water are directed from its 
jet orifices onto the underlying layers 120, 124, 126 to thereby pattern entangle 
the layers into laminate fabric. 

As layers 120, 124, and 126 are conveyed under manifold 128 in 
machine direction as indicated by the arrow, manifold 128 is moved in a 
direction coincident with the machine direction. Preferably, as illustrated in Fig. 
4 by the arrows, manifold 128 is oscillated back and forth in cross direction. 
The oscillation of manifold 128 in combination with the jet orifice clusters 
within the manifold results in a "wavy" entanglement pattern on the resultant 
laminate fabric. That is, regions of bundling occur generally along wavy lines 
150, with more lightly or even unentangled regions 152 therebetween. 
Incorporating lightly entangled or unentangled regions along with a "pattern 
entanglement" into a wipe, is an effective method of producing a flushable, 
biodegrable wipe and further, it is energy efficient. It will again be appreciated 
that the area of entanglement may be larger that the thin wavy lines 150 as 
illustrated, and will generally correspond to the area of jet clusters 32. 

As will be appreciated, manifold 128 may be moved in a variety of 
directions within the scope of the invention. Different patterns of movement 
may be desirable to produce different entanglement patterns having differing 
utilities. By way of example only, and not limitation, manifold 128 may be 
moved in a first cross direction at a first speed, and then moved back in a 


substantially opposite cross direction at a different speed. Also, the present 
invention comprises movement in directions other than substantial cross 
direction. By way of example, manifold 128 could be rotated about a central 
axis near the center of the manifold 128. 

Fig. 5 illustrates apparatus 210 practicing yet another embodiment of the 
method of fabricating a nonwoven of the present invention. This embodiment of 
the method of the invention is similar in most respects to that discussed above in 
reference to Fig. 4. Three nonwoven layers 220, 224, and 226 are deposited on 
a moving support 226, and conveyed under manifold 228, which is substantially 
similar to manifold 28 discussed herein above with reference to Figs. 1-3. In 
particular, manifold 228 comprises a plurality of jet clusters separated by a 
distance. Manifold 228 is oscillated in a cross direction to generate a wavy 
partem as illustrated in Fig. 4. 

Referring once again to Fig. 5, this embodiment of the method of the 
invention comprises an additional manifold 230, which may be considered to be 
substantially identical to manifold 228. As manifold 228 is oscillated, manifold 
230 is oscillated in a substantially opposite direction, thereby creating a wavy 
entanglement on a different phase than that created by manifold 228. The result 
is a generally "figure 8" shaped entanglement pattern shown in Fig. 5. Bundling 
occurs along the figure 8 shaped pattern, with less bundling in the in between 
regions. The result is a laminate nonwoven having a higher wet strength than 
fabrics made under the methods described herein with reference to Figs. 1 and 4. 

In addition to the dual oscillating manifold method as described with 
reference to Fig. 5, it will be appreciated that a number of other modes of 
operation will be possible with two or more manifolds. For example, the 
amplitude of oscillations for a moving manifold can be changed to affect the 
entanglement pattern. As an additional example, the entanglement pattern of 
Fig. 6 can be created by oscillating one manifold while holding a second 
manifold stationary. The "diamond" shaped entanglement pattern of Fig. 7 can 
be created by advancing dual manifolds in opposite directions across the cross 
direction of the layers without oscillation. That is, each manifold is directed 
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substantially across the underlying layers simultaneously in opposite directions. 
The sharp diamond shaped entanglement pattern of fig. 8 may be created by 
oscillating two manifolds in "sharp" oscillations as opposed to "softer", wavy 
oscillations. Likewise, of course, a single manifold could be sharply oscillated 
5 to create a "lightning bolt" entanglement pattern. Manifolds in addition to two 

may of course also be comprised within the method of the invention as claimed 
to result in other entanglement patterns. 

It is noted that as used herein, the terms "zig-zagged", "criss crossed", 
and "figure eight" are intended to refer to a condition of generally repeating 
10 patterns of line crossings. The terms are not intended to refer to any particular 

angle measurement ranges or of angle acuteness. 

It will be appreciated that the various embodiments of the method of the 
present invention thereby allow for the precise design of laminate fabrics of a 
f$ desired wet strength. A multitude of variables may of course be changed within 

"4 

£H 15 the method of the invention to alter the ultimately produced fabric's wet 

S3 

ry strength. By way of example, the distance D2 between jet clusters 32 of Fig. 3 

can be changed to change the degree of fabric entanglement, as well as the size 
of clusters 32 and the number of individual jet orifices 34. Although the method 
of the invention has been discovered to have particular utility in creating a 
M 20 laminate nonwoven having a desirable wet strength so as to be useful for wipe 

applications and yet be flushable, those knowledgeable in the art will readily 
understand that the method may likewise be used to create fabrics having 
desirable characteristics for a multitude of other applications. 

The advantages of the disclosed invention are thus attained in an 
25 economical, practical, energy efficient, and facile manner. While preferred 

embodiments and example configurations have been shown and described, it is 
to be understood that various further modifications and additional configurations 
will be apparent to those skilled in the art. By way of example, the present 
invention may of course be practiced with any number of nonwoven layers as 
30 may be practical. It is intended that the specific embodiments and 

configurations herein disclosed are illustrative of the preferred and best modes 
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for practicing the invention, and should not be interpreted as limitations on the 
scope of the invention as defined by the appended claims. As an example, it will 
be obvious to those knowledgeable in the art that the specific order of number of 
method steps as disclosed herein could be altered somewhat without change to 
the underlying spirit and scope of the invention. 


